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ABSTRACT, • . ' ^ 

- # / This booklet' i||mfae fifth in a series of nine that 
describe 'the Apollo-Soyuz missxon and experiments. This; se-t is 
designed as a curriculum supplemeht for high school and college 
teachers, supervisors, curriculum specialists/ textbook writers, ani! 
the general public. These booklets provide sourcee of ideas^ example 
of the scientific method, references to standard textbooks, and 
descriptions of space experiments. There are numerous photographs an'^ 
diagrams, as well as guestions'f Or discussion (with answers) and a 
glossary of terms. This pamphlet discusses observations of the 
earth's surface^ from. space, aerosols that affect climate and'weather 
oa.earth, and the oxygen and nitrogen in the outer |itmosphere. 
■<HA).* : ; ■ . , , . * s . ■ ;. \ , ■ 
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. Apollo-^byuz Test Project (AS^^ flew; in July 1975, aroused 

considerably public interest; first, bjtcause the space rivals of the late 1950* s 
and 1960* sj/Were working togetl^r in a joint eniJe|ivor, and second, because 
their ifiutuai efforts included developing a splibe i^escue^system. f his ASTP 
alj^ inclui^ed significant scientific/expenmentSy of which c^ be 

used in teikhing biology, physics,/and matheipatics in scl^obls and colleges. 

This Sji^ries o^ pamphlets discussing the Apollo-Soyuz mission and experi- 
ments i^ a set of curriculum supplements designed for teachers, supervisors, 

. curricufiim specialists, and, textbppl; writers as well as for the general public. 
Neither textbck)ks nor coui:ses^^ study,* these pamphle|s aire intended- to 
proyide a rich source of ideas, e:)?amples of the scientific method, pertifient 
references to^ta^dal!d textb<)oks, ahcl cj^^ descriptions of spaed experinients. 

^ Jn^'sense, they m^y be .reg%}ep as pioneering form of teitcMng aid. Seldom 
hai^* ihcre^been such a forthright effort to provide, direcffy ii> teachers, 
currioulum-releyant repoi^s.^.m current scientjfic research. High scjiool 
teachers who reviewed tw td^^ Studeii^ who^^ 

interested might be assi^edttp study one pamphreit and'report on it to the rest 
of the class. After clas$:4i^ussion, suident» might be assigned (withput 

^access to the pariiphlet) one or ni(;>^r^ of the Questions for Discussion' * for 
formal or informal answers, thus, stressing the application of what , was 
previously covered in the paniphlets. ; ^ . ■ V 

The authors of thesie paniphlets are Dr. LpU Williams pSge » a' geologist, and 
Dr.* Thornton; 1!age, *an astronomer. Both haye taught science at several 
.universities aiTd have published 14 books on science for schools, colleges^ and ^ 
the general reader, including a recent one on space science. * . 
technical assistance to the Pages was prdvided by the ApoUo-Soyuz* 
^ Program Scientist, Dr. R. Thomas Giuli, and by Richard R.- Baldwin, 
W; Wilson Lauderdale, and Susan N. Montgomery, membeff of the group at 
the NASA Lyndon B. Johnson Space Center in Ho^isjon which organized th( 
scientists' participation in the ASTP aiid published their reports of experimea 

. tal results/ ' . . „ . *^ 

Selected teachers from high schools and universities;thr6|Ughout th^^i^ited 
> tStates revicNved ^e pamphlets in draft form. They suggested changes in 

, wording, the addition/of a glossary of terms unfamiliar to student^, and 
improvements in diagrams. A list of the teachers and of the scientific inves- 
tigators wlio revicNved the 'texts for accuracy follows this Pfcfaqe. 
f. vThis set of ApollOTSoyuz pamphlets was initiated and coordinated by pr."^ 
Frederick B. Tuttle, Directorof mlucational Programs, and was supported by 
the. NASA ApoUo-Soyuz Program Office, by vLelarid J! Casey » Aerospace 
Engineer for ASTP, and by William D. Nixoi^, Educational Programs 
Officer, all of NASA Headquarters in Washington, D.C. , 

^ ^ • ■ ■ ■ ' ■ ■.■ ^ ■ 
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. Appi}eciarion is'^eS^ressed^^^to the scientific investigators and teachers who 
' ; Reviewed the dra^opies; to the NASA specialists who provided diagrams-. 
J;? 'f; ;^nd|photogr?ph$.^ : 
. ' - ' I , . dpcfatiOns, an^i^hesfer M. L^e, ASTP Program Director at HeaidqudJters, ^ 
' Y - I whose iritei^ in* this educktic^al; endeavor made this publication possibly! . 
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4 Introduction 



After 4 years of preparation by the U.S NatTofTdl^-Aeron^utics and Space 
Admiriistration (NASA) and the U.S^S. R. Academy of Sciences; the Apollo 
and Spyuz spacecraft were launched on July 15, 1975. Two days later at I6r:09, 
Greenwich mean lime on July l>, after Apollo maneuvered into the same orbit 
a$.Soyuz, the tWo spacecraft' were docked^ The astrondjuts ^nd cosnionaut^ 
then met for the first international handshake in space, and each crew enter- 
tained the other crew (one at a time) at a meal«of typicaj American or Russian ^ 
food. Tl^ese activities and the physics of reaction motors, orbits around the 
Earth, and weightlessness (zero-g) are.described more fully in Pamphlet I, 
*'The Spacecraft, Their Orbits, and Docking" (EP-I33).- 

Thirty-four experiments , were performed while ApoHo and Soyuz were in 
orbit: 23 by astronaiis, 6 by cosmonauts, and 5 jointly . These experiments in 
space were selected from 161 proposals from scientists in nine different, 
countries. They are^isted by aumberirf Pamphlet I, ancf groups of two or more 
are described in detail in Pamphfets 11 through IX (EP-134 through EP- 141, 
respectively). Each experiment was directed by a Principal Investigator, 
assisted by several Cb-Investig^tpfs, and the detailed scientific results have 
been published by NASA in two reports: the Apoljo-Soyuz Test Project ^ 
Preliminary Science Report (NASA TM X-58 1 73) and the Apollo-Soy uz Test 
Project Summary Science Report (NASA^SP-412). the simplified accounts 
given in these pamphlets have been reviewed by the Principal Investigators or 
one of the Corlnvestigators. * 

For many/^ars, airplanes have photographed thg? Earth's surface, Color 
photographs and special filters have given more and mo^e information about 
the surface-^tempel^aturf s, conditions of crops and forests, amount of water 
in the soil, minerals in exposed rocks, and so on. Starting in-the mid-1960*s, 
NfASA spacecraft have photographed weather patterns anil detected water 
pollution, in addition to obtaining the temperature, crop data, moisture, 
e cposed minerals, and so on. From Skylab in 1973, astronauts noted njany 
xjxoTt features: wave conditions in the ocean, major geologic formations, and 
^conditions in the upper atmosphere. It was natural for the Apollo-Soy uz Test 
Project to extend these observations still further. 

' Apollo and*Soyuz were in orbit 222 kilometer^'ahDve the Earth's surface. 
Froit this altitude,n)bservations could be made of Jb4t)a(l areas of the Earth and 
of^the atmosphere above the 'horizon. Although Apollo-Soyuz was above 
most of the Earth's atmosphere, there was soTue very low density gas even at 
that altitude. Three experiments* were designed 1o take advantage pf the^ 
Apollo-Soyuz view. 

Experiment MA- 1 36, Earth Observations .and Photograpihy,' produced 
hundreds of photographs, several reels of video tape, andja reel of movie film. 
Many verbal descriptions were alsb made by the astronauts. The Principal^ 

- . • . • . . ■ . . .;>■'••". ■' • 



Investigator was Farouk Bl-Baz of the Smithsonian Institution in \Vashington, . 

;,D.C. He was assisted by^ 12 Co-Investigators, who are ej^p^rts in geology, 
oceanography , arid meteorology . They cam? from various parts of the United 
States and one came, from Indi^. ! » * \ ' 

Expeirfrtjent MA-007, Stratospheric Aerosol Measuremem.^was; dii^cted 

V by T: J. Pepin of the University of Wyoming; He and seven Cp-Inyestigators 
used infrared ob^rvations^of the setting or rising Siin, as seen frorri^^pplio, to, 
measure the Anolint of dust and droplets in the lower 150 kiloi^'ters of the 
E^^rfh's atmqspherfe. • . — . . 

Experiment MA;059, JUltraviolet Absorption, measured the densities of , 
atomic 6;^ygen and nitrpgen 222 kilometers above the Earth's surface. The- 
Principal Investigator was T. M. J)onahue of the University of Michigan/He 
was assisted by five Co-Investigators. « 



2 obsilrvatlons of the 
Earth's Surfaice 



i<Venalpihotographsof poitionsbf theEadha^ froiTifaiq)lanes, 
'often for making maps or surveys. Orbiting spacecraft like Apollo-Soyuz or 
earlier Skylab have three main advantages over airplanes as camera 
moyiits. Firsts the higher-spacecraft can **see" a laiFger area and can therefore 
record broader features, such as the remains of an old volcano or a huge eddy 
in the sea. Second, the spacecraft is almost perfectly steady; there are no gusts 
of wind or **lbiimpy air" to toss it around like an airplane, thiis smearing the 
photographs. Third, the spacecraft follows a precise orbit over a '"tract;" that 
runs straight across the ground Although the spacecraft moves much more 
rapidly thin an airplane,' modem cameras are fast and some are built to 
compensate for the spacecraft \elocity. 

Farouk %UBaz, the Principal Investigator for Experiment MA- 136, 
'strongly favors astronauts' visual observations with '"backup" photography . 
He points out several cases where astronauts glimpsed features that did'not 
. show upon the photographs, and pthdr cases where astronauts chose the time 
w)ien the li'^hting was just right lo take'photographs that would show what the 
astrbnapts were seeing. , 
the Earth observations were carefully planned to provi$ie information » 
; heeded by geologies for studies of mountains, rivers/deserts, and continental 
; drift., Other'infonnatioh helped oceanographers tp^. study sea currents and 
: nrieteorologists to study tropical stomfis and hurricanes (Fig. 2.1). Most of 
these studies provide direct benefits to us grourid^based residents on Earth. 



^ Cameras, Lenses, and Film 



One objective ot Experinjient MA-130 Wais to check the effectiveness of 
different cameras for photogra()hii>g various features from orbit . Fivecaineras 
and seven different lenses wereproyided on Apollo, The largesttannCTa ;&vas a 
Hasselblad reflex (Swiss built, see Fig. 2.2), with 70-millimeter film and two. 
lenses, one with a focal length of 250 millimeters and the other of SO 
^llimeters. The focal lengtli of the lens determines the size or scale of the 
photograph: the larger the focal length, the greater the enlargenient (Fig. 2.3). 
The field of view;however, is larger (on 70-millimetef film) when the shorter 
lens is uised; The 50-nfiillimeter lens was u$ed for wide-angle views, and the 
2S0-millimeter lens was used for large-scale, high-resolution photbjgraphsi 
Another Hasselblad cangiera had 60- ahd lOO-millimeter lenses and was 
mounted firmly on a bracket to take mapping photographs through one Apollo 
window. This camera had an ■ MnteWaloiTieter" to time tlje exposures so that 
each photograph overlapped the preceding one by 60 percent. Every point 
alongj&e grpundtrack wa^thus photographed at least twice, once from each of 
two pomts in Apollo's orbit several hundred kilometers apart. Fairs of these 
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overlapping photographs yield stereoscopic views from which trained 
specialists can '* interpret" such information as heights of.clouds and moun- 
tains and depths of canyons. ' V 




This photograph of an unusual cloud 
coast of Mexico looking westward over the 
background Is Baia CallfornUu 



system was' taken along the western 
Gulf of California. The land In the 



The 7pTmHHmeter HassetUad reflex camerajsystefn: 

There were^^wo smaller camer1as: a.35-millimeteV Nikon single reflex 
camera with a 55-millimeter focaUength lens (Japanese) and a I6':millimeter 
Mauer movie camera (American). There was also a television cdm^ra^for 
real-time broadcasts from ApoUo-Soyuz and a video tape recocderjto record' 
television views of the Pacific Ocean. The col6r_film used in the canperas was 
specially prepared for the MA- 136 Experiment by Eastman Kodak. A special 
coatiiig was used on the emulsion to prevent halation by blue light. 'j[Halation 
is the unrealistic haze around a bright object in a photpgraph.) More than 1900 
photbgraphs were taken from Apollo for the MA- 136 Experiment; 75 percent 
of them are of excellent icjuality. • 

Earth FeaturesT^nd Astronaut Training 

Except for photographs from prbit, we people on the ground never get a clear 
view of large Earth features. A familiar exaniple is the satellite weathe;; 
photograph shown on televisioii weather newscasts, which reveals weather 



i 




fronft and storm centers .far better than an/ yiew'^ofi^^'^^^ ' 
Oceanographers plot maps of water curapts 9yei:^i^^ 

•time. However, satellite views of the Gpf Stitapf(si^^^ of the . . 

United States show vivid color cor^ti^tjSL bet'^ ^yaier ^ , 

and the giant eddies «in the Gulf iStreWnOi^sia^ 

plot small-scale evidence of rifts or fault lines oh maps, but they <^o r(pt alNvajs 
recognize the full extent of thiese. featured. Rifts an{l faults arc hugfe crack-s in 
the Earth's crust wheje tl^e rdck on ope side Jias,§lipped past the rock on the 
other side. The slip can be up-down or sideward. The hiOSt fanipus slippage in 
the Unitied States is /the San *Arc^ nins i(torth-to-south in . . 

California and is ea^y.fo^ee or^^^ 

these topics' were ireciisW classesiGP4l^ aitrphauts-^O hours > : 

of classroohr timcr-Klurihg^ year before the Apollo-Sby uz missAn". The 
astronauts alsp fiad AO, */nyover exercises" during which they flew in ; 
airplanes ove^^/aults; sea eddies, and'desert dunes. They learnied hoW to 
describe a faultiine onXtape tec6>f^^ how to judge the color of seaw^ter - 
brdesert sand by using a ^*color wheel.!' Thecolorwheelonboard Apollo had - 
54 reddishTbrown"^l3^^ and 54 bluish-green cblore on a paper disk. The v^. 
^^astronauls.selected the color most similar to the seawater or desert sand that 
they observed arid tape-recorded the color-wheel number. These color num- 
bers were impprtant bfecause the color^hotoeraphs might be underexposed of 
oyerexposed^nd.not show the actual colo/f^^^^ ' . 

During the aircraft flyover exerdises, the astronauts experimented with 
several paifrs of binoculars and fi^ Xl6-p6wer monocular for 

use on t^e Apollo-Soyuz flight. Thi3 little. telescope enlarged what they saw • 
' iJelQw iind helped them to identify features to report^^photograph. 

The( purpose of all this training was to helpjhe-i^^llo astronaufs— Tom 
Stafford, Deke Slaytofi^~ah^ V — become welUiriformed in geol- . ■■ 

og^t oceanography, and meteorology so that Ihey would quickly»re;cognize 
f^ature^j of sdentific importance. ' , 
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y Ground Truth • 

The Principal Investigator had consulted a group of 42 experts to decide what 
Earth features the astronauts should look for and phonograph . S^ of these ^ 
e^^perts were able to have measurements made on the Earth's surface to verify . 
what was seen or photographed from Apollo-Soyuz. For instance, several* . 
groups of ships measured sea-surface temperatures, salinity (the amount of 
salt in the water), water colbr, red tides (poisonous plankton in the; water), 
water currents, vyirfd velocity, and cloud types. Fig tfe^^ shows the 1 8 areas 
where such **grouni^-truth'* measurements were made ^^hile^ Apollo-Soyuz .'. 
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passed overhead. Two airplanes flew across the United States and took 
phptogi:aphs froni high altitudes to compare, with the MA- 136 mapping 

^photographs taken at the same time; severdl other airplanes did the s£me near' 
*New.Zealand and England. A team^f Egyptian geologists map^d a portion 
of the Western Desert of Egypt, which was t)hotographed twice by Apbllo- 

. Sqyuz; ■ . / / ■ , . ^ 

In every case« the MA-136 observations agreed with the locjd ground<;truth 
data, even though the MA*- 136 data extended over much lax'ger areas. Some of 

^ the ground-truth. site^ were covered by clbiids when Apollo passed, among 

• ^ them the site of the New England red tide off thi^; coast of M^jne, (The 
astronauts viewed red water farther ribrth in the Bay of.Fundy but reported it to 
be reddish-brown^ muddy water from riyers, not the bright-red color of the 
plankton in the red tide;) \ \ 

MA-136^^arth Observations R^^ 

The nunnerous jcolor photographs and astronaut reports will be studied for 
years." Several important discpveries hayealready been made from them; and 
moYe may yet be found. Figure 2.5 shows the.locatiohs of the visual observa- 
tions, the photographic^mapping observations, and the television video-tape 
recordings. Eachriiumbered area (1 la 12) . concerned a specific scientific 
problem. ¥6t instance, area 1 l is the huge ANZUS Eddy (fopi4ustralia-A^ew 
ZeaIand-£/nitedState^) off the^eastem coasfof Australia, and area 9 shows the 
growing deserts of North Africa. 

One important dJscoveiy is shown in' Figure 2.6, a photograph of the ' 
Levantine Rift.. For years, scientists had known about this huge crack in the. 
Earth's crust; however, the Apollo-Soyuz MA- 1 36 Experiment revealed its 
full extent. The rift extends frorti the Gulf of Aqaba (aUhe northern end of the 
Red Sea) northward through the Dead Sea to the Sea of Galilee in .Israel, 
where it splits into three cracks that fan out to the nortl} arid northeast.. The rift 
is probably caused by the^ counterclockwise drift of the Atabian peninsula 
(away from Africa) around a"pivot" nejur the Sea of Galilee ,^whc^re the rift 
splits. Geologists find more and more Evidence that ientire continents have 
. * 'drifted" during many miilions of. years. For instance. North and South 
America seem to have drifted very slpWly away>ifrom Europe arid Africa, 
leaving a basin: (the Atlantic Ocean) ^n between. Along the eastgrnoaast of 
South America, the' types and ages of rocks (and the fossils iii them) match 
those along (he western coast of Africa, and the outlines of these tw6 coasts fit 



Figure 2.5 Maps 4^ing the broad locations off the MA-1 36 Earth observation sttes. 

Small circled mimlm« i^^Mnt rewolutloh grounttlracks ffor photographic 
^ mapping and visuar observation tasks; large circled^ niimbers represent the 

Earth <^fMrvat|on sites. ^ \ 
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figure 2.6, The southern part of the Levantine Rift, extending from the Dead Sea to the 
Sea of Qaliiee, is distinguished by the ilnearity of the Jordan River valley (ar- 
' row). To the north, a "fan-shaped" complex system of cunred . faults charact^^^^ 
izes.thf rift. One prominent fault parallels the Syrian coast and then makes a 
^ . noticeable bend to the northwest (arrow) towards Turkejf. 
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; togetherlike pieqes of a jigsaw puzzle. The theory of '-continental drift" or 
"plate tectonics" is a complicated subject. * Geologists are looking for more 
evidence for the theory on MA-'r36 photographs. A N^^ ' 

^ A ixibre rapidly changing feature, the delta of the Nile River, is shown in ' ^ 

■ Figure 2^7. The Nile River flows northward from Egypt into the iJlediterra- . 
- nean Sea. Mud from the Nile has slow . 
of the Nile can be seen in.Fi^re 2.7 mixing with/ the saltier water of the 
Mediterranean offshore. The delta of the Orinoco River in Venezujcia is ' 
shown in Figure 2;8.. Muddy nver water can be traced for hundreds ^ 
kilometers out into the Caribbean Sea and the Atlantic Ocean. ^ 
7; Thecolorsofdesert.sands/s^^ >. * 

' 2 ;9, provide iniportant information about the ages of these sands and the 
advance of deserts across the countryside. The bright-yellbw sand is younger : 
V than the red sand, the sharp line to the left pf the center of the pshotograph . . 
shows' where the yellow sand is moyirig across the red sanjd a^ it is blown 
westward by winds. Differences between this* Apollo-Soy uz photograph and 
Skyiab photographs taken in 1973 will show the rate of advahcS^. The chsm 
. ing pattern of the sand dunes is also b«ing stu^di^^ 

Photographs of Lake Chad. at the southern edge of the Sahara, show the 
sand ihoyiog in toward the lake. This advance of the desert may dry up Lake . . j 
Chad and deprive the local inhabitants of water to drink and fish to catch. . 
Other deserts weie photographed in Australia and Argentina, 
"'v.v^l. A^vjew.pf western Spain, including the Strait of Gibraltar, is shown irt 

Figure '^STro* which was photografphed when the astronauts saw a series of ■ ' . . 

waves about 60 kilometers long in the otherwise clear blue Atlantic Ocean. ' 
These waves are not on the surface but are deep in thfewater below. They 
have formed because of variations in *the salinity (saltiness), of the wat ^ ^ 

^^•aused.by ^altier water pouring ou^^ * . 

' ';^\]rd:it.The waves were glimpsed only for a'm^ : 

VjfWibre by the saltier , v . 

Several of the mapping runs (Fig- 2.5) coveireil . areas that had not been 
; accurately m^pperf before*! ^e photograph reveded M 
i \n Brazil, Others showed, sridw conditions in the Cascade Mbuntaihs and ' ■ 
* ^; glaciers in other parts of .the world. Two tropica) storms in the Caribbean Sea 
and off the coast of Florida and many cloud patterns over land and sea we 
phobgraphed. One peculiar set of cloud strips is shown in Figure 2, ri^^ 
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.*fiSGP;Secs» 1 1-1 1» 1 1-12. (Throughout this pamphlet, references will be given ilo key topics 
cpvercd in these three standard texibpoksi **Inyestigatirtg the Earth*' (ESCP). Hough«)H Mifflin 
Company. 1973; *' Physical Science Study Committee" (P$SC)» fourth edition. D. C. Heath, 
1976; 'and '!*Project Physics/' second edition. Holt. Ri;iehart. and Winston, 1975/) 
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Fl9ure 2.7 The Nile Delta Is «o excellent example of a trianguliir-shapod delto. PaU^ 

surface texture^nd boundary layers in ttMiwateF are easily seen In the Suq^ 
reflection. They possibly result from a density difference between; the fresh- 
^ water from the Nile and the saltier water of the Mediterranean Sea. Compare 
^ * this photograph wlth^a ma0 of Egypt. . * • 
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Figure 2.1^. ; Th|»re is 'a color, griadrent in this downward, view of the Simpson Desert in 
. Auiitralia. The long, thin, lirieaR dunes of sand were described by the Apollo 
orew as "hundreds of parallel road tracks." Such dune<form in bacp, skody 
areas .where the winds coirne predominantly from one direction. The lines of 
dunes are perpendicular to this directlCHil 



Ttu^' dlr«ctkm of tunllght in this photograph hat made Internal waves visible 
.(lower left). Located off the western coast of Spain, the waves were approx- 
imately 50 to 00 kilometers long and wercT probably caused by variations In 
salinity. * 



Figiiraa.li Cloud atrip* oH th« eo«at of California. 
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one lind^tstanfis how they were foimpd. They are too, large: tO be airplane 
•contrails (streaks of condensed water yappr feft behind airplanes flying 
1 through humid ais^^any-of which were p^erved over the Atlantic Oc^. 

Questions for Discussion - 

(Optics; Earth Featur:e's, Continental Drift) * ' ■ 

1. The normal human eye can resolve^ (separate) two objects 0.02° apart; 
that is, you can see separately two lines 0.03 millimeter apart on a paper that is 
10 centimeters from.your eyes' H6w far apart would two rivers have to be for 
the astronaut^to see them separately from 220 kilometers altitude? How close - 
could the rivers^ if the astrbnaut:us6dhis monocular to see them separately? 

|2, Apollo-Soy uz, had an orbital spced-of 7.4 km/sec. The-Hasselblad 
ms^pping camera with a 100-milliraeter lens had.a field of view of 38°. To 
obtain a 60-percent overlap of successive photographs, what interval between 
exposures would be necessary? If the 60-milUmeter lens wbrie used, would the 
jnteSrval be shorter or longer? . 

^ 31 Which camera^ens combination would you use to get the. best resolu- 
tipnlof Earl^ features? ' ;> 

' 4.1 If you were an astronaut ^scribing the yiew shown jjh Figure;,2.6, what 
aspects would you emphasize? Remember that you ar^ rnoying at 7.4^km/sec<. 
so your vitfw lasts only a minute or two. 

, S.'^A ground-truth team is being sent to the desert sl]iowh in Figure 2.9. 
What |measurements would you ask them to make? 

6. The American continents are drifting away from Europe and Africa at a 
rale oflaix>ut 2 cm/yrSiow long ago were they together? (Geologists call the 
original landmass—rNorth , and South America, Europe, Africa, Asia, and 
Australia:— T*'Pangaea.y The southern portion was **Gohdwahaland.'') 



*PSSC. Sec. 8-8>»^ 
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Cijmaite and Wither ^ 
oh Earth 



Aerosols are small droplets and dust particles suspended in the air. They are 
carried to; altitudes of 20 to 30 kilometers b^^ winds and atmospheric circula- 

, tion. Their absorption and scattering of sunlight affects the climate and (at lo^ 
altitudes) the weather! Experiment M^- ool Stratospheric Aerosol Meas- 
urement, used, thre^ methods' to measure tijie size» type, and amount of 
aerosols at high altitudes: (1) counts of particle's by microscope detectors 
carried in a high-altitude hallooh» (2) measurements of lighr.scattered back 
from laser pulses directed up through the atmosphere', and (3) measurements 
of the Sun^ brightness as it rojse or set, as seen|from Apollo-Soyuz. The first 
two grpund-based methods covered altitudes pp to 25 to 30 kilometers at 

. .about the same Uiiie and in the same area tliat AppHo-Soy uz observations \yere 
being mkde at altitlides up to 45 to 50 kilometers. Xhe experiment dejm- 
onstrated that the spacecraft technique is accurate and that it will be useful for 
determining the amount of aerbsols at high altitudes/ (Aerosol spray cfans 
produce the same kind of droplets as those detected in Experiment MA-007. It 
is no( ihtse droplets however, that may reduce the ozone ^ayer; it is the Freon 
i gas Used in the -spray cans. This gas slowly rises tkrpugh the atmosphere, and 
some scientists fear that its fluorine and chlorine:may cau$e chemical reac- 
tions in.the ozone laypr. See Figure 4.1.) 

The Balloon-Borne Dust-Particle Counter . 

Balloon flights are made regularly from aJU.S. Air Forcie base near Kansas 
City, Missouri. One flight was scheduled at the same time that aerosol 
observations were being made from Apollo at subset at 01:38 Greenwich 
mean time (GMT) over Kansas Gity oh Jiily 22, 197|5.*A cutaway drawing pf 
the particle counter carried on these balloon flights is shown in Figure 3. 1 . A 
stream of outside air is pumped through a concentrated light beam, and two 
micrdscopes are focused on:, this point. When an aerosol droplet or dust 
particle passes through, a bright flash is recorded in each microscope by a' 
photpmultiplier at the eye end of the microscope, if both photomultipliers 
give an electric pulse at the same instant, a **count** is recorded by the 
electronic circuit. This mechanism isa "coincidence counter*' (see Panriphlet 
II); it uses two detectors to eliminate false counts: (A false count, could; be 
recorded by one detector if a cosmic ray passed through the photomultiplief . 
Another cheek of false ** background** counts wasjmade by filtering the 
airstream for short intervals every 15 minutes. During these intervals, there 
should have been no counts, and there were none except at very low alUtiides.) . 

The pulse size of the phptoniultipliers shows how la^rge the droplet or dust 
^ particle is simply because a larger particJe^eflects morejlight. The electronics 
7 were arranged to separately record the jiarticles of Q.3- to p.5-micrometer 
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diaiheter (small pulses) and the large particles (large pulses). (One. microme- 
ter is pnly 0.00004 inch.) Th^ particle counts were radioed to the ground,^ 
togetherwith the temperature and pressure at each altitude; and were recorded 
as afuiiction of time. These. {jpcords show high concentrations of aenjsols up 
to 5 kilometers (16 000 feet), then a sharp drop to about 1. particle/cnfi^. There 
was a maximum of about 60 particles/cm^ at 1 8 kilonieters altitude. Above 25 
kilometers, the particle count was back ^own to 1 or .2 particles/cm^ (see 
dashed line in Fig. 3.2), 




Figure 3.1 ' Schematic drawing of the University pf Wybming' dust- particle counter used 
for ground-truth measurements. 

g The Laser-Pulse Radar 

The **lidar'' shoiyn in Figure 3.3 is a 122-centimeter (48-inch) telescope 
lodned by the NASA Langley Research Center Jortte MA-007 Experiment. 
A powerful laser is mounted at the telescope focus and gives extremely.short ' 
pulses of 30 nanoseconds- duration. A.^ flash of light leaves the telescope, 
« ' . travels up through the nighttime atmosphere , and is scattered back toward thef 



Earth by dust and aerosols ; The scattered light is collected by another 
telescopic and focused on a sensitive detector! The velocity df light is known;. . 
therefore, the altitude of the dust and aerosols can be caiculated'^from the 
round-trip time (|60 microseconds for an, altit^de of ;l4 kiib^ The' 
difference in color (wavelength) between the scattered light and the laserlight 
is'also recorded; it is used to obtain information about the particles, such as 

« si^ and refractive index. 

The lidar was set up at the U.S. Air Force base near Kansas City and used 

"the night before arid the night afterjhe.observatipns from Apollo-Spyuz were 
made. On July 23, the lidar recorded some cirrus clouds at 13 kilometers, 
altitude, as well as aerosols around 20 kilometers. On July 23, there were na 
high clouds, and the aerosols agiain were detected at 20.kilometers; 
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'Balloon measurements 
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" , ■ AerosofdensHy 



Aerosol density versus altitude over Kansas City on July 22, 1 975. 



The NASA Langley Res^ch Center 1 22-c6ntinMt(Br Ikbr system. Jt can |Ni 
^used to measure dlstem^s tOr clouds; balloons, and airplanes; as well as to 
■ jMrpsols.' 

MA-007 Measurements and P^tographs From 
i Apollo ■ 

When light passes through the atmosphere, some, of it Iti^ absort>ed and 
scattered by aerosols and some of it is scattered by the air molecules to give the 
blue light of the sky. The atmosphere also bends rays of light, 9s shown in 
Figure 3.4. This bending C'refraction'')Js caused by the increase in air 
density at lower altitudes. The light travels slightly slower in the denser air 
and its direction is changed, much like the way a car veers to the right when its 

" ' .• ■• , ■■' " ■ ■■ ;. : '-J ■ 




T\g\}i wheels get into soft mu(l besid& the road and its left wheels are still on 
smooth pavement. Light from the setting Sun is thus bent dowhw^d like the 
ray to po|nt4 in Figure 3.4« and the Sun looks higher in the sky than it really is. 
This reftaction by the atmosphere is similar to refraction by a'glass' prism. The 
dense air low in the atmosphere is like the thick end of the prisift. It slows the., 
light more than^does the less dense ^ir at higher altitudes, which corresponds 
to the thin end of the prisnfi". Just before sunset, the light reaching Apollo at'' 
point 4 passed through air in layer A vexy close to the Earth*s surface* as 
shown by the arrow. This light was affected by aerospls at low altitude. 
Earlier, light passed Ihrough higher altitude air to reach point 3. The MA-OGJ' 
Experiment u^ed measurements of the Sun's brightness for 1 .5 mimites before 
sunset to estimate th^ amount of aerosols in layers A, B, C, D, ana so%ni Of 

. course, the sunlight received at point 4 passed, through layers B, 0, and/i) as^. 

-well as layer A, so the calculation, is complicated. J: 

The refraction of the sunlight (binding foward Earth in Fig. 3.4) depends 
on the change of aiir density j^ith altitude. The MA<007 scientists measured 
the refraction oh photographs of the Sun taken with (tie Hasselblad 70- 
millimeter camera (Sec . 2A) using the 250-millimcter lens, an infrared filter, 
and special, infrared film that recorded light of 8400-angstrom (840-' 
nanometer) waNTelengtl) This gave a sharper photograph than ordinary visible 



light would have because much of the lighrscattered by aerosols was filtered • 
out. Figures 3.5(a) and 3.5(B) show one of these photographs and the c<!)nt6urs 
of brightness measured on |t^ The Sun itesur- the horizon appears to be flattened' 
. because the rays near the horizon (from the bottoni of the Sun) arc refracte(| * 
niore than the rays farther up (from the topof the Sun), This makes the bottorit 
seem farther up. as shown by the ray to point 4 in Figure 3.4, Figure 3.5(c.) 
i>h6ws the apparent shape of the , Sun expected froni refraction; it matches 
Figure 3.5(b) well. . Figure 3,6 shows thf appajpently changing shape o%(he 
Sun in the last 15 seconds before ^unset.^|;T^eJSun set^ip^ucb mofe quickly as 
seen from Apollo than as seen from the^ground bei:ause the spacecraft had a 
**day." of only 93 n>inutes instead^f oiji 24 hours.). 
. The Sun's changing brightness Nvasoi^asutcd for 1 .5 minutes before sunset 
with the MA-(X)7 photometer shownTin F^igiire 3,7, This instrumentwas aimed 
\at the Sun through a window Jri the i^llo Command Module (€Ml cabin ; It. 
was a pinhole camera with a filtered phototube that recorded the ihtensity^oL 
8400-angstrom light from a 10° field of vievv, The Sun is only 0.5''^ 
. diameter, so the spacecraft did not have to be pointed very accurately! The 
astronauts could check the pointing by th0 shadow of a pin on a white circle, 
(top of Fig. 3.7)1 V : 

The photonieter's I.5-minute record of changing Sun brightness was 
radioed to the ground and later converted to Curves 6f aerosol density versus ^ 
altitude: The cucve^for sunset over Kansas City is shown in Figure 3.'2v where 
^ the dashed line shows the baillbon measurements. The agreement is good from 
17 to 23 kilometers altitude. The jyiA-007 Experiment sjiows-nwre-aerosols at 
higher altitudes. \ - _ 

One- of the Soviet experiments on Apollp-Soyuz was very similar to th^ 
MA-CK)7 photography. As nientibned in Pamphlet I, the cosmonauts per- 
formed six'experimentspn their oNyn in addition to the five joint experimem 
One of the joint experiments was th^Artificial Solar Eclips e (MA- 148; see 
Pamphlet IID for which Apollo allocked .(eclipseti) the Sun as seen from 
Soyuz. The^smonauts later used the cairiera from that experiment to photo- 
graph the setftng Sun.and the stars seen near the iSun. By measuring the Sun's 
shape and the distances between the stars in the sky , the refraction at different 
altitudes was obtained. In ihjs way, the air density at various altitudes was 
determined. The U.S.S.R. has not yet released the results of these experi- 
ments. In another experiment, the cosmonauts continued photography after 
sunset to.measure the zodiaiiul light (Pamphlet III), and they photographed the 
horizon in other dii^ctipns to detect "airglow/ ' (You can see the airglow as a 
blue haze above the horizon at the top of Figure 2. 1 and on the photograph on 
the cover.) 




Images of th« Sun. Figure 3.5 




(a) Photograph of the Sun 
near the horizon. 



(b) Contours of.imAge 
tMightness In (a). 




(c) -Expe<bjted. shape Q^the Sun's 
imag^ due to refraction. 
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TN) shape of the setting Sun appears to change because of refraction by the Figure 3.6 
atmosphere; \. 
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Results of MA-dd7 Measurements 

. The. Stratospheric Aerosol Measurement Experiment on Apbllo-Soyuz . 
showed tjh^t a fairly simple 7*kilogram instrumeiit (the^photometer showh ia 
Pig. 3.7.) can check hij^-altitu^e aerosol densities in short observation times 
before sunset and after sunrise on Earth*orbiting spacecraft. In addition to the 
suntet over Kansas City , one other sunset off the coast of New Jersey and tyo . 
silnrises^ one northwest of Australia and the otheroverthe Indian Ocean, Were 
• ffcserv6d^ TTie/two s observations Showed. 30-perceoi^jfewer high* ; 
altitude aerosols in the Southern Hemisphere d)an in the Northern Hemi- 

^sphcrcv^^,^ ' -\ V^v;- - z ^ - 

^ Why should, aerosol densities be so different in. tlie two heiiiisphercs? 
Scientists attribute ^ ^difference to a volcano' that ibrupted in, Guatemala 
during October 1974, 9 months before the Apollo-Soyuz mission. During the 
northern winteir, there is a general northward movement of the atmbsphere 

; which, in this^case, carried the volcanic dust and droplets at least 2400 
kilometers (1500 miles) ndijh to Missoiiri'and New Jersey. Later, during the 
southern >yinter (northern summer); the aerospJs probably mo^ed southward. ; 

Combining the ballopn data on droplet pr particle size, the lidar data on the 
color of backscattered li^ht^ and the Apollo M A-()07 data on altitude gives an 
estimated 1.43 for the index* of refraction of the j.^erosol droplets. (This 

, ^refraction i5"i\pjt'in the atmosphere but irj the droplet.) The MA^007 scienlists 
: '^o\t that this somewhat uncertain'^ffiflttber is consistent with the droplets being 

>^;;$ulfuric acid i(75-J)ercent H^SO^ and 25-perceht'i^'d), >^ch^f^^ 

■ ^'suited from the relezfee of hydrogen sulfide (H^S) and sujS^ dioxide (SOj) 
froni the vc^caAo and the subsequent combining of .these^,conipounc^: with 
oxygi^ aiid wat^^^ : 

Questions for Piscussion 

. . ■(Climatey Radar, Optics^C?: /. - • ■ ' '■" '^M^''^::. '-y'^ J^'X^I- 

' 7, If the aeipsol. particles in the entire atmospherd-Wc^^^^^ 

factor of 10, how would you expect the climate on Eiutlj^^^^^ 

V . • " ■ -f.' " ■ ■>^ ■■■ 

;v . ; c 8; 'in 9ir.der to plot the number of aerosol particles cuofc' tenfHi^^ 

verSjUS the aftitude in kilometers/ what do you need tplchbNy in additioft loih^^^^^^ 

^ bjdloiaih dtist-particle counts? ^?-v ; : , J- ; » 

. . V SUi'With its 30-nanosecond pulses, hovy accurat^can the lidar measure- 
ment of^aetpsoltt/it'/M^^ be? .. ' ; K !^ 
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10. In the^ atmosphere, (Jiffere wavelengths are refracted by dif^enijit^ v ^ . 
amounts (Fig. 3.4). Hpw would this change pnotographs of the setting Sun in 

vv/i//f i^(such ds Fig. 3^5^^ i - ' K . . " v !: 

11. .^w large was the image of the Sur^-ort the original 7O-millinriet0c/dinr\ . ? - . - V 
iii the HasseJblad camera with the ZSO-mSlimeter lens? : i ' ' " 

12. Two successive suriset^jjftprn Apollb-Soyuz were, 9^ ; ' 
time. If the first was over Kansas City (95? )y longiiude);;a^^ " 
would you expect the second? ■ ' " : * \ . / ' ' , ! : ' ■ 
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4 CfxygM ahd Ni|f 

in i he <>uter /Miipt^^ 
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\ At ?22 kilo^elers altitude, Apollo and Sb^^ ' . 

atmosphere V There is a very lo>v density* gas th^ K:'' 
oxygen, and nhrOgen, To verify .tteir.thporqtwal;;™ ■ . ^. ; 

(how it becom!Eiis\less^d(^ii5e.with^ 

These measurements iWete proVi^^^ ' . 

Ultraviolet Absorption. ■ ^ * • V" 

■ ■ : ■ •, V. ; .- 

^ LiEiyers in the Atmosphere 

' * The results of many years oif exploring the atmosphere are sK0\^^^ ' - ^ 

.4J. The heavy line is a plot of temperature (bottom scale) versus altitude (left 
* .:;> ^Jicaie). The scale on the right ^es the gas pressure in millibars (mbar), : 

V . 3tjirting at 1000 millibars, which is equal to 1 atmosphere or 100 IfN/m^ at the ' • 

. E*alrtl>!s surface. The terms in the figure are used by scientists to describe the :! « \ 'h '- y^^'i . . ^ 
* . ;c'2ty^f^ P| the atmospfeeitV'which c be thought of as * ^onionskins, • ' , each 
jv ;,^':V v^^^^ below. In some partspf the, world, such as the 

ri^ ': ^ pQlar regions', the IpWe^^^ 

■ ture curve in. Figure-4^^^^^^^^ ' ■ - 

^ **lroposphere" is.changirig.all the time because qf weather (winds, rali>;'i . 
. clouds, anx! stonns). ; / / . ^ -'^K-':'' '.^^,^'^\f 

At about 15 kjljpWie^^^^ atmosphere **caiois down,' \ ^4 -the 

layers above al^t^no^e' ^iable^^^ predictable. Above this **trppopau|i^,^' the 
temperature starts.tQ tisfe l^ much of the Sun's radiation is at)s'6rbed in 
■ the layei^betweeft30,aiia'6^^^^ 

lion of the air is ;^b^g^^^^^^ siihlight brcakV'up oxygen 

molecules (O^) into bXygen cjplhftine with Ojj . , 

. . molecules to forni b^bri^^^^^ 
. r shown in Figure 4."Li.irh^^^^ 

^ y (about 1 3 raillidritfisbf all the othpr gases in the ozone layeV), but iiabsprbs^ 
♦ the Sun*s ultraviolet light of wavelength shorter than 3000 aQgstrpms;"(3ii^ 
r**-. nanometers). . ' • ■ ' ■■ ' •'.*' •* ' '-'/vi-'t 

V . ' In the ionosphere, pressure and 4ehsity are so low that much of the: gas- ' f W 

remains .ionized. (Atoms or rnolecules lose an eJ'ectron after absorbing, iilrr 
traviolet suhiight.)The ionosphere was first detected mOre than 50 years ago^ 
^ with iearly. raciar sets that ''bounced" radio waves off. the' ions. SQientistS." 
calculatet^/thb.^^^^^^^ of the ionospheje by knowing the speed of the racnb 
wavQ'i^^nB' measuring thg time for the echo to return. Later, they found "that 
there /jire" ionized layers lat differeht.'Hei^hls, and they lettered them D; Ev:':^^ 
V ■ and P^v , ■ . ■ ^-^z.^: V- /. • '. ■•■ri 

Abbv^ the -'stratopause, ^ the t^m|^tat:^PQ:^ because the gas 

pressufe an^J depsity.are so low that v^s;^ 4ttie sunlight is absorbed to heat the 
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gas.^However^ the temperature ;^t^ rising again above the •'mesbpause" at 

^boui 90 kitometers altitude'? This outer, very low flensity layer is called the^ 
. thermosphere because if is very hot, as measured by the average velocitiies of 

atbiiis and moleculj^s: At the altitude of Apollo-Soyuz (222 kilomej^ers), the 
' gas temperature is^bpui .7.80 K (5^7° G). Information about the iortospherc' ■ 

abbye 120 kildmetei^ comes rnostj^jl' fipm spacecraft*^n^^ rocket treasure'- '' 

ments. The pijssure and the density lctep:f9jling, ivjiich 

turc to ri.sCf and the composition chah^& <i^^tivelyyn\o'f^^^^^ 
- helium— see Pamphlet III). The outermost layer, callecl :the geocorona, is 
./ifftosO^ l^^^TOgen aiid extends outward 50 000 kilometers, where it merges 
fii^ifi^^ low density hydrogen and heliunri between the planets. In the 

r'lo^ regions, infbnnation about composition, can be obtained by 

obserVing.the light emitted or absorbed by the gas, as revealed by absoiption 

and errijssion lines in the spectrum. j 

" ■ ' ' ■ .'■'/'■.'■ *' '■ . 

Spebtrum Lines of Atomic Oxygen and 
Nitrogen '.ri 

Gasescah emit various colors of light, and this property is used in!ke^jf^;^4gi)s 
for aidvenising. Pureneon radiatesacharacteristicredjight when excited by a 
discharge in a sealed glass iu\>i, and other gases at low pressure emit other 
colors. A spectroscopie sha^^^S * 'emission lines" in the spectrum (see 
Pamphl^j'^'jitand III); that is, the intensity is strong in a numbefof narrow 
bands Sf^Wavelength (color), and the pattern o'f bright lines is characteristic of 
the emitting gas. When light from a distant source passes through the same 
gas. most bf the same wavelengths are ab^^tbed by the gas, leaving gaps, or 
**absorption lines." in the same pattern.^ Tbe'jmore gas there is along the liiie 
pf si4fit; the darker the absorption lines. Scientists measure these lines with a 
: specidfpihete^ which separates the different wavelengths k and measures the 
inten^ltjy^^y^^ at each wavelength. Astronomers use the measured wayelengths 
of i^j>^^ti^m line^,. to identify gases in interstellar space and to estimate the 
amount of each gas ibtcnns of the numbers of atoms or moleculqs^i.i^^'l^the 
line of sight. ' ' J^!'^'^^'/ 
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v thfc spectruin , lines* (both e^mission and absorption) were explained by 
quantum theory In terms of electitniin ojrbit a^und the nucleus of an atom. . 
jEach orbit has a different energ5f^;According to q^^ certain, 
spec iGc orbits are **penhitted," with energies£|. ^3* so oh. These 
* *energy levels " are different for each kind of atoni. The spectrum lines come 
firbm **electron jumps'* between energy levels, downward for eihission lines 
and upward for^bsorption lines. In ^ downward jump, the atom .^mits a 
photon. If >the electron juriips from Ej toE j , the photon has energy Ej- E^ 
hf- hclK where h is the Planck constant,/is the photon frequency, andc is the 
velocity of light. So, all the.jumps from Eg to^^^ g;ive photons of the* same . 
wavelength \. Different kinds of atoms have different E, , Eg, Eg, and so oh 
and thus emit photons of different wavelengths. This pattern of wavelengths in 
the spectrum is often called the * fingerprint of the atofn' ' because it is unique 
to one kind of atom. 

^^ The^ pattern of dbsorptioo lines is the same *Tingerprint'' because' that one 
kind of atom absorbs photons of sjpergy Eg ^ when it j^mps from E^ to Eg 
and photons of energy E3 - E j. when it jumps from E, to Eg. These are the 
satne energy differences^photon wavelengths— as for the emission lines. 
Thus, the fingerprint of the atom islhe sanie in absorption lines as in eimission 
lines, with a few exceptions as noted below. Figure 4.2 is a diagram pf 
energy levels with the downward (enli*sion) andnflWard (absorption) jumps 
markei^ with arrows. For most atoms, the energy levels must be Ranged in 
columns (not shown . in Fig; 4.2), and there ar5 *• selection rules" about 
which jumps are most probable between levels in the various columns. 

The lowest energy leveUEj, is called the *-groujid stateyV and each atom- 
prefers to be in that state.. If an atom absorbs a photon or is joggled into a 
higher energy level by high temperature or by coflisibn, it can en>?t a photon 
and return to E^ almost instantaneoiisly . In the cold dark of interstellar space, 
most atoms are in theE j level, so the jump frqmE, toEg (which occiiris when a^ 
photon is absorbed, thereby removing it from the light beam) gives ia strong 
absorption line, called i\it resonance line for that atom. The sanie wavelength 
will be emitted later because the atom * *prefers" to be in the lo west energy 
ground state. Thisreemission or **rcsonance scattering" does not *Till in" the 
absorption line because the &mitte(i photons go off in all different directions, 
not just^long the light beam from which photons were first absoiibed. 

In the laboratory, jphysicists have measured the probabilities for absorption 
or emission of a photon by each kind of atom aild the probability for eajph 
energy jump, If 100 atoms are in the level E^in Figure 4.2; the physicists 

VlPSSe. Sees. 34-2. 34:3.. ' 
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Schematic diagram of energy ieveis in one kind 6f^ atom and jumps giving 
spectrum lines. (The larger Jumps correspond to shorter wavelengths.)- ^ 



that 20 of them will, jump to E^ and 80 to £j , in less than a micrp: 
second. If 100 atoms are in level with .many photonS: passing them (in 
strong sunlight, for instance), 70 will jump tcr^g* 20 to E^, 5 to and 5 to 
othep higher levelsv (These numbers are cited for illustration only In actuality , 
there ^are. many billions of atoms,-' and the jump probability is not an even 
. pfercentage like .80 percent. The point is that these probability numbers are 
knqwn for n^ost kinds of atoms and the resonance, lines are the most probable 
lines foreach kind ofatom.) Therefore^ oni^cah calculate from the intensity of 
the £2 ~7_£i emissioHrline strength how many atoms ini thq.line of sight were 
in the E2 level. The^, - £2 absorption line will give the fiumbeiuDf atoms 
. in the line qf sight that were in the £ , ground state.^ . ■ 
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. A complefe arid accurate diagram of energy le v^ 
is more cortipjicated than the one shown in Figure 4.2. Some 80 yeirs ago, 
physicists found th^t some energy jumps did not take place, ?md they call^^ 
these jumps " forbidden»transiti6ns." When the Energy levels were plotted in 
separate columns, it was possible to make "selection-rules"' stating which, 
transitions vy.ere ''permitted" arid which were "forbidden." allkeyed to a set 
^ of three quantum numbers associated with each energy level. Then astron- 
.. omers found some of the "forbidden lines'' in the spectra of nebulae — vast 
: clouds of low-derisity, glo\yirig gas between the stars. They ^ still called 
"forbidden lines," although the quantum theory now shows that a ^'forbidden 
jump" from level£y to£^ is not feally impossible ^butjiist very improbable. 
. * The atpnx waits |pr a second or two in level £y- before jumping toEj.'Under 
• most conditions, the atom is bombarded many mUlions of times during a 
second and gets joggled but of £y- before the forbidden jump cdn take place. 
That is why 19th-century physicists never observed fprbidder\ Ijries in their 
laboratories, ' . : ■ ; 

In very low density gas neair. the top of the Earth's "atmosphere- and; in 
nebulae between the stars, an atpni may not be jostled out of level £y; befpi]p 
jumping to and eimittingtAe forbidden lin^^^^ ThFaqrora (noifJieitiL lights) 
and nebulae mostly glow in fon^idden lines of oxygen. The atoms of oxygen 
are raised to the energy level £y by solair-wind bombardment, and the oxygen 
. ions (P'^'^) in nebulae giet to their energy level Ey- by similar electron : 
- " bombardment. The absorption of a forbidden line is possible but S^ry 
improbable, so we do not expect Ifpjbidden absorption lilies, 

A resonance line 0f atomic =^^yge.ri;ati^^ 
O30.'47ianometers) artd aforbid^n^^^^^^ at 1356 angstroms (J 35-:i^j( 

nanometers) are shp^p in Ei^'iii^:;^^^^^^ lines are produced, by a high^^: 
voltage radiofrequency 6xygw!li^ when light pass^i^SrJhro^|& 

atomic-oxygen gas; only the 13jW-artgstrom line is absorbed- Tl^e;^anii^ is ' 
true for nitrogen with the resonance line at 1200 angstroms ( 120 nian6riieters) 
; and the forbidden line at 1493 angstroms (149 3 nanometers) (Fig. 4.3). A 
nitrogen lamp produces both lines but only the 1 2(X)-angstrom li^^ 
- ! ' by nitrogen atoms; These wavelengths are short; they are iri the far^^ultraviolet 
*part of the electromagnetic spectrum (see Pamphlets II and III), 

P Absbrptibh by Oxygen and Nitrogeh 
^ at 222 Kilometers Altitude 

. T. M. Donahue and his teani planned the M A-059 Experiment to measure the 
absorption of 1 304-angstrom -light by oxygen atoms and ,1 200-angstrom light 
by nitrogen atonis between the Apollo and the Soyuz spacecraft. The basic 

^ idea was to shine light from an okygen lamp and a nitrogen l^p:|oward 

• * ' ' . ' . . • .' ■ ■ • ' 
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Eiqisslon-llne spectrum (top) and absorption lines (bottom). Figure 4.3 



^Soy ui/where a miirbr would reflect the light back. On Apolle, the intensity of 
the 13l(U-angstrorTl line! was measured and compared with the source. The 
difference^ after correction for mirror reflectivity , shows how much light was 
absorbed by oxygen atoms between Apollo andSoyuz. The same is true for the 
l200-angstrom line of nitrogen. The mirror on Soyui: was a set of seven 
retn)reflectors (■*cat's-eyes''), each 3:3 centimeters wi4e. (Thesb **cat's- 
eyes':' are better^^han a plane mirror because they reflect light back in exactly 
the same direction from which it came.) 

' Lighffrom the oxygen and ngjjragen lamps was pointed at Soyuz as shown 
in Figure 4.4. Each lamp faced a concave mirror that reflected a parallel beam 
toward Soyuz. Part of the reflected beam relumed between the two concaye 
mirrors and was focjpsed on the slit of a spectronrieter at the left. AU the 
MA-059 equipment was mounted oh the side of the Docking Module (DM)' 
facing away from the Ap9llo CM,:and Apollo had to be pointed so that the 
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oxygen and nitrogqh b^air^^ of light hit tte retroreflector on Soyuz;. This was 
done by placing^a ()B^|i1f5WAite (visible) light in a ppsition similar to that of the 
oxygen lamp but abdve^th'e plane of jpigure 4.4/ the astronauts could look . 
out a window' iii the CM r past the DM, and see whethth thV fright Svhjlte 
,;; light w^s oji tlie SoyuZretroreflector. iJitwas not, they corrected theCM-rDM 
' direction' with the ; , 

' ^Vt'vT^!^ spectrom^ (off tlie left side of Fig: 4,4) was designed to s,can the 
.>t^ lines at 12(X), 1304,> 1356, and 1493 angstroms evbry .12 

^is<^c6^ The intensities were radioed to the Mission Control Center at the 





Figure 4.4 Schematic diagram of IMA-GSO iamps and mirrbrsy/' J 

NASA Lyndon B. Johnson Space Center (JSf^/fcR^fl^ 
the forbidden lines dX 1356 and 1493 angstrpin^^^y^ 




. would prevent oxygen and nitrogen absorption of the emission lines in the 
lightfrom the oxygen and nitrogen lamps. Therefore, it was planne^to moye 
Apollo-^nhat the beam of light to Soyuz was across (pe 
"y velocity vector. The easiest way to do this was to swing Apollo, around the 
, ; side of Soy uz, as shown in Figures 4.5 and 4.6. This was done three times: 
once at 150 meters separation, once at 500 meters separation, and pnce at 
. : . 1000 meters se|)aration, The idea vJas that the maximum absorption, of the 
1304- and 12()p^angstrom lines would occu^^ 

sight was ata 90" angle^to tbe velocity vector v. At this angle, the reflected 
. beam at 500 meters separation was expipcted to be reduced by ,41 percent 
because of oxygen absorptionjmd by 20 percent because of nitrogen absorp- 
tion, assuming the densities.2 X 10** oxygen atoni^/ciri^ 
['"'■' atoms/cm^, if the absorptions were found to be; more, then the densities 
. ; ; ov. • would be higher. 

..if-; , Another problem wias the emission of the resonance lines at 1304 and 

. ^ 1200 angstroms by oxygen and n^rogen atoms in the .bean>. This eniission 
' would fill in the absorptioif lines a little— a few percent if the Soyuz mirror 
(retroreflector) reflectivity was about I percent. If the-Soyuz mirror were to 
\ ~ get dirty '(as ,it\did, in faet)>sitie direct en^ission-liiie iiiitensity wblald be 

. higher, compared to the absorption line .in the beam reflected from a dirty 
. . mirrdr. ' • * 

^ ; 1^ Nitrogen Density ^ 

Measurem^^ 

On July 16, 1975. 27 Hours after the .Ajwllo-Soyur mission started, the,. 
,J.V. MA-059 equipment on Apollo was tested while the outspfe-door (off the^ 
v. ^'^^^^ ^ight jaiJe of jFig,^^^^^^ Close^. The door had small . mirrors on the inside 
h:. that"^^ec5t^.vpartfi^ into the 'spectrometer. Scans 

correct intensity . After Apollo and 
..*L.:.:vr: ..,1. V .. . . - , t .x . movcd 1 8 rricters ahead of 

remote cpntrctl) the Soyiiz retro- 
'ij^^^^^^TA)ne facing up, one sideward,. 
; : . ajid on^ ^^v^^^P^^ Apollo could see all three 

;^.../"^".^>^:>^y?r^open, ' ' 

■. ' moved Apollo around the 

' arc, ■150 meters from: 

* '^S^^ lamps were on jyid the,spec- 

; * trpnieter^as sca^^ 

angsWm Hitie!? W working satisfactorily; it 

. ./dkcct&l the 1 3(H-angst'ti6fti 'airglbw emission of^xygen and checked out on 
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Illustration of the MA-059 1 50-meter data take. The symbol v represents thld 
velocity vector. / 



all four lamp emission lines after the door was i^jbsed. The scientists at the 
Mission Control Center at JSC in Houston thus concluded that the sidew ard 
retrorefiector on Soyuz was'tob dirty to reflect far-ultraviolet light. (Dirt 
could have gotten on the retrorefiector during launch or could have, come 
from a nearby oil leak.) The scientists asked the cosmonauts to swing Soyuz 
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around to use the aft iretfbreflecto^^^^ " 
. puriiig the ilexl si)acecraft hig|rt 

Soyuz along the SZ** arc shown in ^'(5, aiid this time t)ie spectrometer 
scans shbwed all four jenriissioij liifesf^^ the, 10 minutes thi^^ 
moved alo5^ that arc. However^. |ifter 3 minutes, the. intensities all 
dropped b/i':'factor df 5, whichviii;dita^^ the . aft Soyiiz retroxeflectqr : 
had just been dirtied. (Some oil prolb^Wyvi^ anU 'Spread 

across the face of the relroipflector^)rli^nfennhe MA-039 door was closed,, 
the spectrometer scans were normal a^ih. 

The following spacecraft night, Apollo moved 800 meters above''Soy.u2 
and along the 30** ^c to 1300 meters above (Fig. 4.7). From these/larger; 
distances; and in bright moonlight, the astronauts had difficulty keeping: 
AppUo aimed at the Soyuz retroreflector^.so only a few good spectrometer: 
scans were. made. Also, the calibration check with the MA-0S9 4ppr^lbsed« 
showed that the lamp bejori, was low by a factor pf 4:^.;,^ /C^^^ 
■ Apollo left the viginity of Soyuz and 'made a sloW rptQ^ 
Experiment, still ph. During this icill, the MA-059. b^ ~ 

. from Apollo's orbital velocity vector v, but at first the beanvnil^as pn the 
forward side (Fig: 4.8(a)), where the oxygen and iiitrogea^^^a^^^ were 

fitting the spacecraft at 7.4 Iqii/sec. ■La^i', the bes^ w^s higvip4^^)[purid to 
tlje back side (Fig. 4.8(b)). As expected, the emission lines (1304 ahd 1200 
angstroms) were' more intense ph. the front side; the gas den'^ty was about 
10 times higher on the ''iram. side" than in the, V wake of the DM. ' ' 
; After correcting as bestrthey could fpr the chahging refleciivity and beam 
strength, the MA'0S9 scientist^ collected all the liieasurements of absorption 
at 500 meters separation and the enriission-line intensities tliat .had been 
ineasured^t varying times. They concluded that the density at 222 kilometers 
altitude is 1.5 x 10^ oxygen atoms/cm^ with an erfpr of ±20 pcrcfent?|^d 

. 8:6 X 10® nitrogen atpms/cm^ with an error of ±2!$ percent. These densities 
are consistent ^yith nieasurements made at 340 kilpmeters altitude by the 
NASA lAm^nned Atmosphere Explorer sateilite/^ ^^ 
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Ith^tratten of the MA-059 1 000-meter data take; v is the velocity vector. Figure 4.7 
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v^iJ V By^ whal processes are 

- ^ . (]Pig. 4. i) heated? Why ^ troix)sphere temperatures near the Equatorhi^her / ; 

:.' ^ . 

^^^^^ If the gas t^peratur^ is mdre tji^ 773 K (500"* C) at 222 kiibmeters , 
'^ v: i- 7v akitude, why weren't the Apollo and S|>yuz spacecraft unbearably hot? 

, * ' W^Ifan^atom^h^sj^ust six energy levels (fj/Fg, £3, E^jEj/jand'^gy ^-v 

i> ,T 4/ V i^ail'^^^ can the atom absorb and 

' ■"rceiliit? V'.'; ■■ .r- /' .. :'' " •': 

v^^> . .' ^^^^ the?MAf05S> E^jfjer^ prQduce4>any • 

' •■ : "tS?31c^ longer wav^leiigths jOaff t^^^ side of Fig. 4i3)i^^ . 

' V . . v^^Ji^^i^^^^ lipes.asied:to riibasiire o^gen^atom: density instisi^ r ■ 
■/•■^ -of'the'lSO^Tiangs^^ / , ■'■ ' ; ,.-^.__.v■" ■ vK-r - ■.' ..j-''^'^-:; ^ 

^y;i8. The li^A^ 

' ■ .^d Soyuz: 1 sdj 500 /jmd lO(X) mete^ larger X 

separation? What disadVaht^ge& wou^ i V/; : ^ 
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Appehcnx'A 

■ ' •„•..*.:■'■■■■ ■ . ■ * ■■ " ^ . • ■■ , : 

^/Discuss^on Topics (Answers to Questions) 

1. (Sep. 2E) The'avensepm x is the small side of a, triangle 220' 
kilometers long; Jhis triangle is siijjilar to the lineisdparation .of 0^ 

ter on apapdr ibdentjmeters away. So, jr/220 kilometers = 0.03 ntillimeter/ 
1^ centimeters =^ sin (>?01 T", jr =» 66 meters. The monocular was • 16 
power/' whicj^^^larges angles l6tii^^^^^ 
^ perceptible to the naked eye was redyced to 66/1(6 = meters perceptible 
with the monocular. \' .' , v " ' . / .7' 

2. (Sec. 2E)' The 38° field. Of- view of the camera c(9f^pdiifds to 144 
kilometers oh the^ground. (From (he center to the edgeH$ l,?""; and 222 sin W 
equals 72 kilp^Trterers; thus,, (£^jge-to-edge is 144 l^iromfeters.) Tti obttin a 

• .60;perceot dverlap, you woulfiiwant photographs that^ere 40 percent of \AA 
6h^7.5 kilometers apart, the time for Apollo-Soyuzto'move 57.5 kilometers 
is 57.5/7.4 = 7.8 seconds. If the 60-millimeter lens Were/usedj the field of 
view on the ground would be (100/60)144 = 240 kilOmeters; and the.inlerval 
would be l3^seconds. . 

3. (Sec. 2E) The HasselWad . with the 250^miUimeter lens g^ ' 
scale (Fig. 2.3^) and therefore'the best resolution. ^ > 

^ ; 4. (Sec. 2E) 'Thepne-thing Inoticed was that, . . line on the^leftilp near 
the end ^ . . makes a bend to the left and! follows a new tectonic line or fault 
which goes along parallel to the Turkish cpast.vin other wprds, the one on the 
left, number ! , goes up ... and then niakes a l^^it turn and'parallels the^Turkish 
coast. [Number] two seenis to be obscured and it just ends in.a lot of jumbled 
country . . , and it seems to'end right in this jumbled area"; [Number] three, I 
could trace clear up to a riverwhich-^ril have Vo see a map later. Btit I could . 

• trace the faults out, goin4j:at,her eastward. You could seje them throu^ the 
valley silt, clear up to a rivefwhich must^ inlandin.cither Syria or Turkey. 

: So the overall pattern of these is a fan;'[number] thiee going almost eastward, 
and [nunfiherjone bending. finally tb the north, and [numW] t>y0.^oirife tot 

• northeast.'* (Verbal comments made dujring the mission by Astronaut Vance 
D. Brand.) Qther reports referred to colors* on the color .wheel'^^' 

5. (Sec. 2E) In Figure 2.9, there is ashirp division. betwegijflred sand and 
yellow sand to the left of the cente'r. The grbund-truth teamfsJi^ld measurer 
the surface color ort either side of this line and also ahaiyze the sand for 
evidence of its age. An accurate survey of the latitude and longitude of at least 
two points along the red-yellow division is needed, to pipj)oint map. coordi- 
nates in Figure 2:^; • . • : * ' • y^''^ : . 

6. (iSec. 2E) The 4istagce.(rojSi|hly alonjg *lh? Equator) from the eastern tip 



!:^f South Americ^ in >yi^Africa (neainhi'Cpngp R^Vfer^where 

itcai^ At2 cni/y?, this continfiiitai dii ft would 

takiifis X 1(J» ccn =?= 2.5 k IQ^ years, cfr25Qm V* 

^ l^^^i^ at high^titucib* scatter reduce the 

amoiiit lei^hini^^he^lBc^h W surf^ce^ l^erefoi^, adiighl^ aeix)soLcou||^would^ 
decrease the siirrace temperature. ^ \ ' •-/ V 

.,8if(Sec.3Bj^ In addition to the dus^ 
' .know|H(» vo/iime of air pupfipgd throu^()ijy(|li^a^ 

""YoiLalso need t'he cprivertion from measured outside air pressureH<f altitude. ♦ 



sir. 



f^:^ * (Sec. 3E) Thcl time up and bbck can b^beasuItd^^^^ ^r' " : 

if; j nanoseconds, so the timevp. to the aerosol is in enx)rb}(o 

• The speedofli^hfc is3*x 10*nfi/sec; therefor?, in 1^ x10"* secon^^Ug^^^^ 
' ; moves(i:$ X TO^^j ^ X 10*^^ ; 

, -.-thus'is'SO centimeters; ' ■ ^ ■ * ■ , . ■ / ' '. • 

./v"-"; ■ ' ■• ^ '■' : .* • 

' 10/(Sec.3E) Blue light is refractedinriore than red! 
jji in between (see Pamphlet II). White^ight photograph^ '^f the ^^^^^ Siin ; 

. woul(f hie blue on top and re^ on the bottom. A star Would show I small 10 

spectrum from blue o^i top through green, yellow, aiyi orange toured on \ ' • ^ 

; . the^bottom.'' ■ ' ,^v. . - v . ■ ■ ^" '■'■'O '■. .z, : -^ ' v lfe^^ 

!!• (Sec. 3E) The Sun as seen frpm the E^bth or from Apollovis 6:5** in 
diarneter. In the triangle from lens to film, Jhesi^e of the SW ' ;. * # 

tol^ZSb millimeters sin 0:5''== (250 mill^ ; * ^ :^ • 

. "diameter. \' . : y^' . \ .. ' ^ '. 

- 12. (Sec, 3E) In 93 minutes, the ESSNh rotates eastv^^^ 

hours)36(f = 23'*, S6*the second-sunset Would 8^ ' v . / ^ 

23*^ = n8\W (west of Mexfco). \ ' . . ' ^' . . ' , . ; * — . "'^^ 

■ . .""^ ,■ ^- V-; : . ; ^^-^ .'■ 

13/ (Sec||^). In the troposphere, just above th^ Earth^ V Ojt;; 

■ heated by the 5Mr/ace, which derives it§ heat from the Sun*s light and^ . > ■ 

' infrared radiation that penetrates the atmosphere, the^ V 
the air directly by conduction and by rflt/wV/on ir|jong-wave infi^d rays/^ 
Hot air. rising ftom near-the Surface carries heat 'to higher altitudes by <$( ''■ '^^^^Sl!'!^ ' 
ronvecTiron.' Near the Equator, sunlight strikes the Earth's surface almost \ ^ 

i.- . perpendicular to the-sutface, which gives th^ ^ : • 

; thiari*at high^ir latitudes. ;» v * 



■ : 14. (Sec. 4E), Tne high tempejcature of ^ very low densit^.gas is misleading. 
Because the number of at6ms, ions, and mttlecules in J cubic meter is low, the 

' ■•..■*•• . *' , ■ 



. total energy per cubic.meter is low alsd^ and the thetm^ energy i:eceiveiby 
ApoUo-Spyuz was therefore very>small. T^e spacecnilft lost energy and^was* 
cooled by radiation, llie spacecraft tei^^rat^ 

between incoming solar radiation and outgoing spacecraft radiation. The 
incoming solar lacli^tion .Was reduced b/ reflective ''radiation shields** of 
metal-covered plastic sheets. ' ' \ 

15. (Sec. 4E> The mesosphere is at 90 kilometeb altitude (Fig>4J )» so th^ 
distance up and back is 180 kiloipeters. The round-trip radio pulse time is 
180kiiometers/c =r ISO kilomet|?rs/;(3 x 10» m/sec) =6 x lOT^^conds, 
or an.0.0006-5econd echo delaly. • ^ 

16. (Sec. 4E) ** Jumps** or **lrmisitions'* are possible between each pair of 
the six levels. An upward jlimp, absorbs the shme spectrum line as the 
downward jump emits between any two energy levels. Therefore, thete are. 
five downward jumps to Ej, four to fi^, three to £3, two taE^, and one to £5 
for a total of 15 spectrum lines. Real atoms have many more levels and 
spectrum lines than this simplified example. - 

17; (Sec. 4Ef The weaker lines at longer wavelengths would be Jess effi- 
cient detectors of oxygen atoms; that is, there would be less intenisity absorbed 
per atom in the beam between Apollo and Soyuz. Because theobjeCtiye was to 
measure the number of oxygen atoms, the strongest (V*resonance**) linfi^at 
1304 angstroms, was. best. . ; . 

18. (Sec. 4E) "with Jarger separation, there were rhore oxygen and nitrogen 
atoms in the beamlxiVween Apollo and Soyuz, and the absorption could be 
measured more accurately. This advantage was offset by the difficulty of 
aiming the lamp beam to hit the lOrcehtiirnetef retrprt^ Soyuz when it 

was 1000 meters away, v 

• ■ ■ y ■ ■■ ■■' .• 

19^ (Sec. 4E) Preventing oil leaks and other contamination around Soyuz is 
the obvious way to keepthe retroreflector cle^an. Another solution woufd be to 
eliminate the reitroreflector and put the lamps on one spacecraft and the 
spectrometer on the other; 
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IftMrtiattpfMl^ 

Naiiiest/ symbols, and conversion factors of SI units Used in these piamphlets: 



Qimntity 


NaiMofiuiIt 


iSvmbol 


donv^rsioii factor 


Distance 


meter 




1 km = 0.621 mile 

1 m = 3.28 ft 

1 cm = 0:394 in. ! 

1 mm = 0.039 in' ^ 

1 ptm = 3.9^;x 10-» in. = 10* A 

I nm = 10 A 


/Mass 


kilogram 

't' . - ■ ■ ■■ ■ ' \ 


kg 

I? , 


. , . ■ ■ _ . . • . . . 1 
1 toiine = 1.102 tons / 
1 kg = 2,20 lb 

1 gm = 0.0022 lb = 0.035 oz 

1 mg = 2.20 X 10-« lb = 3.5 X IQ^* oz 


: Tinrie 


second 

1 1 ' — ' — -i- 


sec 

- '■ * , 


1 yr>= 3.156 x 10^ sec 
\ day ; = 8,64'X lOf sec ; 
1 hr = 3600sec 


',.f , . — '• — r^-^ 

Temperature 

11 . ■ ' ■ 


f •■ • ■ . - 
kelvin , 

• ' 'V ", ' 


• *■ 


273 K = 0"C = 32^F 
373 K = 100" e ^ 2iy F.-o 


Afca / . 


square meter , 




1 m« = JO* cmV= 10.8 ftV ■ 


Volume 


cubic meter 




1 m^ = 10« cm' = 35 ft* , 


Frequency 


^ . . ,' ■ ' -■ ■ \. ■ ■ . 


' :■ ■'■ Hz ' ' ■ 


1 Hz = 1 cyck/sec 

1 kHz = .1000 cycles/sec 

1 MHz = 10® cycles/sec 


Density 


kilogram per v 
cubic meter 


kg/m?* 


1 kg/m' = O.OOi gm/cm' ^ 
.1 gm/cm* = density.of water 


Speedy velocity 


m«ter per second 


m/sec 


1 m/sec = 3.28 ft/sec . :/ 

J km/sec = 2240 mi/hr 

■ : • . . ■ ■. ■ 


.Force 


hewton 

■ .' '.-^ '. 




1 N = 10* ^ynes > 0 224 Ibf v 

_^ ■ • • ' 0 '■' 




. >. • ■ 

■ ■ ■ ^; - • ■ • . . .. ' ; 


5 s ■ 
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.•-:»;-:v.:-.;,^.:.v\.....;.../: 





. Name of unit 


' SymlMl 


Conversion fiKtor 


Pressuiip 


newton per square 
meter • , 


ri/txr 


1 N/m* 1.45 X 10^ ilym* / 


Encfgy 


joule ■ . . ■ 


■ I , 

o ; 


1 J = 0.239 calorie ■;' / , ' ■0);^ 

r — ^ . - ' ' ■ — ' ' . • r — — — -^-..a.;.*; 


Photon energy' 


electronivoU 


. . ■ , . 

eV ■ 


Ley =1.60 X 10-«» j; 1 1 =10^ eiS^^^M: 


Power 


watt. 


W 


■ l)^W= tJ/sec,' V, ■ ■■ ■ l^'v^^;,; 


Atomic mass 


atomic mass unit 


8' 

amu 

1. 


llamuSF 1.66 X 10"" kg ft 


Customary Units UsM Wtt^ 






Quantity 


Name of unit 


Symbol 


Conversion factor 

1 — '. ^ a ^ — : — — : 1. . 


Wavelength of 
light / 


- angstrom 


o. 

A 


1 A = 0.1nm- 10-'«m ■ 


Acceleration . 
of gravity 




: g 


. » '.. — ^ V' • : ■ ■ 

1 g = 9.8m/sec* / 




Unit PrrtlxM^' ' 




Abbreviatif^v 


Factor by M^hkh unit 


ismulUpM 



tcra . 






Pga . 
mega 
kilo > . 


• .1 ■ ■■■ 


■ ; G 

■ ' \ ■ ^ 


hecta 




■ ' ■ h 


xcriir ■ 






milii 




^ m 


micib 

' ■ . - 






' nanb 




n 


pico 







10" 

f 



.10-" 





"■ « • . :* ■ ^ 




- — ' >^ — , . ' 
Powers of 10 


*" . ■ 




Increasing 




. Decreasing r " 


102 =100 




MO'2 =1/100 =3(^J9,01 


10' = 1 000 




10-3 =1/1600 = 0.001 


io^ = ro OQft. etc: - 




i or* = 1/10 000 =^ 0.000 U etc. 


Examples: 




^ Examplie: , ^ 


2 X iO« = 2 000 000 


■ ' ■ ■ r ••' 
■ ■ ■ * *> 


5,67 X 10-5 = 0:000 056'7 ^ . 


2 X 10'® = 2 followed by 30, zeros 

• ■ ' . ^- ' ' ' y 
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ERIC 



Apperidix C 




GIdssary 



altitude distance above the Earth's surface. (Sees. 3 tOiiCf ^jv^ii;^;'^^ 
; rios. 8, 'IS; >igs.,3.2, 3.6..'^J) ■ ■'■ .^ 



Apollp, thc thrce-itian U.S. spacecraft; consisted oflitf^'C^^^^ / 
(CM) conniected to the Service Mqdul^ (SM) anjj/ihl^ijj^^ 
(DM). For 2 days, the DNJ^Was attadS^ ,to "Sc^^ : 
spacecraft. The two spacecraft wet)e^fK^i^ci ' " 

Eauator ■ with ai93-minute ?r»etiofl: 257 Wilrimi^tpi^^^^^^^ • 



ii^M V Pl"*?fKe!-the;^v^^ con^itionslpf^a^regiycfn i(terTip<^ 
^s. .; r^^ ,>; " nessV-rainMl,-: sribwif^^ sDnshine^ 'ind wind^*^^ 
^averaged over seyer4 ye^s. ^Sec>*^^^^ 
color wheel 'ai device for 3escHi>ing. visual^^^^^^ 
. concave mirrDr'ah.opJiqahcompQn^^^ 

or giving parallel rays fttuji ^ point sourcie' jj^^^^^^^^^ 
continental drift ^the vdry slo\\f molioh 




contour 



count one pulse of cuijejit ot yohage from' ai d^tfec^n^ 
of aphoton oVpgjtiqleihrpugh the detects 3^3A^V\^ 

. Fig. 3;r). -'r..: ■ 

I>ocking.Modale (PM) a spepial 

so;that it cdulcf be joined with Spyu^ • ; 

poppler shift the»change.of fre^uenc)^^^ \ • 

source^p{ir6achingano!b^^ ; " 

The change in^wavelengthj^ v^^;i{is^b^^ . ; ; v , v . " 

• -^^r recessiort:'KSe^V;4^^ /' J v, 



^yJ|■..^>:■C<^"y.r 



EKLC 
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;>:emissiQniiheasmallbahdpf wav^^^ 
- . ' V glows. The paltem of sevend^ert^ssion lines is Characteristic of the gas 

i V v' : .. ' the same as the absorptibn lines absorbed by that gas from light 

' .: |passing.thix)ugh it, <Secs. 4A; 4B, AC to 4E; App. A. nos. 16. 17;, 

:.J^i^:42,4Ji . '.' y']"':-, ^ '''J':... 

V energy level a specific internal energy that one kind of atom can have. Thb . 

qyantum theory explains apd predicts discrete (separate) energy levels foi: 
. each kind of atom. (Sec. Ap 
fault. a crack iiiithe Earth's €rust where surface rocks have sligi)ed up, down, 

. field ofi^iew the angular area covered by a c^ynera or other tyfief of .detector. 
, (Sees. 2A, 2E, 3C;; App. A, na. 2; Fi^^^ . / ' . 

film a plastic strip coated' with light-sensitive emulsion on one side, uspd to f^, 
record fdctiSed images in a camera. After development, black-and>i^S]i^ 
- film showsr'a negative image (blackened where light struck it). Color'ffli^ir 
after pro(^fe8Singv shows the colbrs of light that struck U. Red and infrared ' 
film record longer wavelengths of light than does ordinary film. (Sees. 
■. \ "r'^i^^;' 2A, 3C; App.' A, no. 11).; , . ■ ■ ; ; ; 

f', : focal length the distajice from a lens to its focused image of an bbject v^ 

. far away. (Sec! 2^^^ ■ : ^ ' ; 

i rv .-v; . V. forblddeh lirieaspecthim linethj£tt^^^ 



absorbed by it. (Secsr^v4jp:iS 7.;^ 
->;V!^Greenwich niean time i^l^t)?^^ O'at^niidni^l^fc^^ 



12,hours at noon to,^24;Kours^.^^^^^ as measured at 0° longituSIt^: ^ 

\ . V ^^^^ • ^ ^ ( near London, England); used on the ApoUo-Soyuz^missiori 

V; and other space Inissions to avoid confusion with other time zones! See ' 

^;-V;-'- . Pamphlet. I. , ,', . ^ V;' . •'■ 

; " groundtrack the path followed by d spacecraft over the" Earth's surface. 

. (Sees, I; 2A;" Fig.; 2.5) ' ■ ■ •■ '.;-\- . 

"^^-^'^L^X. ' ground truth measurements made from the ground to confion or calibrate 
* ' % \ ; measurements made from a spacecraft in orbit. (Sec: 2C; App. A, no. 5; 

\^^^%jiatt electromagnetic radiation Withjwavelengths from Q.T^'tb . \ , 

V V\ longer than visible wiVeleiigths.. (Sec, 3C; App^vAj 

with one or more electrons remqived or;, more rarely, addecl. 



vVi'i'vx^v'*^^^^ amplification by stimulated (^mission of radiation), a light 



WifiM!0^y^f(^m- 4-2) 

i^li^'^j^pfefc emitrin in the same phase 

^wave cycle). A pulsed laserpmits shortflashe'sof very high intensity. 

[^ M : ' . ; 

tj$et of pieces of glass or quartz, accuriately shaped to focus li§ht from a . 




mmmmmt. 




distant object tp form an image of Ihkt totyect, (Sees. 2A, 3G; App. A, • 
' nos.;2/3, Figs. 1^^ 2:3 ; 3.1) . ' ' .' ,' • ;:\.';.7: ■ . •. ' 
Jidar 1^ pulsed /ight </etectioif and ranging instrum^^ sinjilar to i^dqr 0-i?dw ; 
^' detectk)n and ranging). Lidar was used tp i]ieasuie the altitude of a^ 
; and the droplet characteristics.^ (^^^^ 

MA^W? ijie iStratospheric Aerosol Measurenient Experiment; on the ApoUo- 
Soyui?|!ifiissi6n..(Secs.^ 3B, iC, 3E^%s,;*i2, 3.4;^^) ? 

MA-OSij^tie ultraviolet "Absorption E;cperiment£^^ 1, 4, 4C, 4D; 4E; 

. App.; A, rios. 17/18; Figs. 4.4 to 4:8) : ; ^ > ■ . 

MA-136 the Earth Obs^jaUQos and Photography Experiment. (Sees. 1, 2^ 
, ■ 2/1, 2C/2D;Figs;2.4i:2;5^:V\ . 'l^J.,.':.,:' 

MA*14S the Artificial Solar Eclipse ExperittSent. (Sec. 3G).See Pamphlet IILi V 

millibar (mbar) a unit Of pressure equal to l()0 N/m2i used for. measiuripg^ 
atmospheric pressure. (Sec.>M; Fig. 4.1) «■ . : ' : , v . 

'monocular a small telescope, like i)iilo^ulars but for one eye pnly. (Sec. 2Bt; 

■■ ■. ■ App. , A,,n6; :l) ,; . ■ " ' / ■■' ■4-. : ' ' ' ■ 

orbit Ihe-path followed by a .^^llite aipund^in-astronomicaft^ as 
the Carth ornhe Moon. The qrbit number was ijsed on 'A|^iLQ?Soyuz to . 
identiiyShe tinrie. (Sw.:2;^F^^^ -^^^--- ''^ \ . ^ ^ 

ozone (O3) a somewhafiftStable molecule formed in the Eaft^tS^^ti^o 

from atomic andmoleicular oxygen at altitudes frpm^l^ ' 
.'(Sec. 4A;Fig.-4./) ■ ^ 

photometer an instrument that uses electrical voltage to mea 
(brightness) of light. (Sees. iC, 3D; Fig. i, 7^ There ai£*sevei[i^^^^ 
di photqrri^iplier dmp^^^ (Sec. 3A; Fig\ JLjy 

,;photptt-a iju — thesmallest separable amount of energy ma ;* ^ 

frequency andir^yersety^p^^ 
;;^;=;tx)rtiond to wayel^ . ' ^ ' vV" v'""''- 

.plj«ljB&'t^ flpors,^djacent (ciithdm pa^^ 

A '• ;skbp!ates are seg;ment& ^v^i^^^ plites . Plate iecion & is a. study of the : • : 
motion of plates and subpJfites.; (Sec: 2©)^ : ^ : ; ; ; j * 

Pnirqpal hivestigator the ihdividu^al resppnsibi^iiB^:^ 
for rej)ortingTh£T^ ■ ' ' ■'l^.aj^-^^. 

radar X^^dio ^/etection. and ranging) ¥Trin^^ 
toward an object and measures the tirne interval until the reflected (echo) 
pulse comes back . Th^ time interval gives the range (distance) of the object/ 
(Sees. 3bJ 4A; App/A, rio^ 15) r'-h^ry' 

reactIon*€ontrol jets small propulsiPn units on.a spacecfat^^used tP r^^^ or 
decelerate it in a specific direction. (Sec. 4G) iSee Pamphlet I. \ 

reflectivity the ratio of the reflected intensity to the: intensity falling on . a 
mirror or retroreflector: (Sees. 4C, 4D) ; ^ 



rejEi^tion.ihe bending of electroniagnetic i^ys such .as lighjt 
MyKqrc the niaterial they are passing through changes in density j CbmplbsitiOn, 
pr other properti^^^^^^^ App. A. no. lO;Tigs. i.< 

;.:;-3:5((^,;3v6)7 ' • ■ . „■■•■,.;■•■.# . ; ■ 

reflr^ctive index jthe ratio of c. (the velocity of li^|« in a vacuum) to the . 
velocity of light throujgh a transparent siibstance^.^fach such substance 
; lowere the velocity : of light slightly and: by. a different amount— rlaw- 
' density air has a different refractive index frorii high-qen^ity air and from 
>• water, glass; sulfuric acid. etc. (Sep. 3P) ^^'yv '^'&i^ 

resphance line a spectrum line resulting from a jump between the' two 
. io^est <jnergy levels. ih an atom. A resonance line is strongly absorbed 

arid sfrpngly emitted,. (Se^ 4B, 4G; A^p. A/ no., 17; i^ig. 4^2) 
rein>rtltector three riiirrprs^ cottier (like the inside 

^ corner pf a box). These rfiinroK light ray back on itself.. , - 

A group of sevfen. sucbr reflectors" made-up eath retroreflector .. ; 

on;S0y^^.^;^^ A, nos. 18, 19; Flgiiif .4) . 

rift a cr^ixn the Esurth^ 
in plate pfc s^^^^ . V 

> salinitjf.;^5-percert in seawater. (See^S>2Cf, 2D; Figs. 2.7, • 

scattered ;l}g^^t:l^gW^^ aerosol particles is reflected . (scattered).;* 

. / in all direGtions.;:Simiiarly, phpt^^ 

«. absorbed by aiojfn^ and reemitted in all difecfions. (Secs. S, 3B to 3D, 
■_. ' '48; App^Ai.npi7y■•:■ :■ 
specirometerian. instrunient that s(Aeads light intip a spectt^rij and treasures 
" the intensity at different wavelenjgths. (Sees. 4B, 4C 4P; App. A> 

ho:;:!^- Fig. 4.4>; ;■. ; :j.v;"^;T^ h \ 

spectrum light spread out into its component waveien^'ths. The full 
electromagnetic spectrum extends from very short gamjm a rays arid x-rays 
through visible light to infrared an^ long radio. wavesV (App. *A, no, 10) 
5pec/rt/m arg peaks (emission lines) or gaps (ab^ . 
a plot of intensity ; versus wavelength. See Pamphlet it: 
troposphere the lowest layer of the atmosphere, just above the Earth^s ■ 
, surface, kbout 10 Itibmciers thick. (Sees. 4A;4^ no, l3;Fig.>^:7) , 

velocity vector v (of Apollo-Soyuz) the speed dnd direction of ApollP-Soyuz 
through the atmospheric gases at 222 kilometers altitude. (Sees. .4C, 4D;' ■ 
' . Figs. 4.5' 4:0, 4.7, 4.8) ^ . ^ •/ * : . ' / ^ 

wavelength (\) the distance from the crest of one wave tp the crest of the 
, next, usually measured in angstroms for light waves. Spectra are usually 
. plotted as intensity -versus Wavelength. (Sees. 3G, 3E, 4A, 4B, 4E;' 
• App. yX,. no/ 17; Figs. 4;2/4.3) . ; : /,:^/'''-.'\' : . ; 
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; Further Reading 

ABC's of Space by hsiac A^^^ 

illustrated glossary of spaceflight terms. . v ' ■ , . ' , , '^^ 

Atoms and Astronomy by, Paul A. Blanchard ( Available 
^ ^ Government Printing Office, Washington." d!C: 20402), j976--^tomic v 
spectra explained in simple te;rms.; ' v : . , > ^ 
Qqntinentai Drift: The Evolution o/ <i C^nWpr^by 
v'^^^'Smithsonian Institution Press (V/ashington, D.t,). l973-^a plear and easily 
V: understood acf^^^ • ♦ 'J ? 

tontinents Adrift (Tta.diii'^ from Scientific Ar^rican,\ vf \th an introduqtibn 
/ -JA"^.' Tuzo Wilson). W: H. %em"an &C6 Inc. (Sail Francfscp^), ^972-^a^l> 

anthology pn^vidence^for'antf ■developments of this:J:hj^dryw 
,i:%artk and Space Scien^^^ V(ol/eT«t al/,; !^^^^^^ 

/ /(Boston), 1966^7-3 geihfe^alrefe^enco fo discussed in this p^mj*let/ 
Introduction tojhf Atmosphere hy n^ Riehil. JjiicGraw-Hill, Inc. (New 
York), 1972— fbir studentsywhp want to learn about the; dyoamics^of the 
; Earth's atmosphere, particularly in delation ^to ejbj^ei'iriientsContjioard^ 
Earth^ satellites., ■ • .■■ '; J^' ' ■ ' 

The Language of Space: A Dictipmr^, of Aptrohcmticshy Reginald Turn ill, 
- ,« John Day Co/, inc. (Ne^v .York'j^}971--a well-written glossary oil 100 
space terms^: with a section on "the ne'xt 20 years irt space.;^' ^ 
Lasers andLigfy {xt2d\^gsixom§cientifi^i\meric^^ W. H. Freeman & Co:, 
Inc. (Sah Francisco). 1969^!--college-level descriptions of optics, x-rays. 
. radio waves, and lasers.' . ' vl: . ' 
Modern Physics by H. .Clarke Metcalfe'^: John JE.; Williams, and Joseph F. 
r Castka. Holt; Rinehairt and Winston ;(NewtYork), 1976— soe. Sec^tion 

12.9. ''Quantum theory?^' \4 /: • "^i ; . ■ i. ♦ 
The Origin of the Solar System, Thornfon Page and Lou Williams Pajge, 
eds.. NJacmillan Publishing Co./ Inc.. (New York), .1966 — seeChapter 5, • 
"Earth's Atmosphere. Viewed From Below and Above." 
; Physics for Society by W. fiT: Phillips, . Addisoh;Wesle)n'ublishi Co. ? 

(Menld' Park, Calif.). 1971-THedvers recent advances in technology and 
; space .sciences.-' ' ' . ''''^ "■ 

Physics: . Foundations arid Frontier f by George Ganriow and John N . 
Cleveland;, Prentice-^^ Cliffs^ N.J. ). 1976— see 

Chapter 21, Sectio'n 21-9/ '■Spectifd^copes,'V and Chapter 22. he; 
.V Energy-Quantum.".' : ' . ' .,-f;.^ . ' 

Readings in the Physical Sciences and Technology (articles from Scientific 
\4m^ncfl/i. with ah iritrpduction by Isaac Asimov). W.rH: Freertian & Co., 
Ini. (San Pilanciscp),1969-^ontains well-illustrate articfes on pertinent 

subjects.; ■■ . ■ ■ '.'v ^' ■ ■ , ^ ' 



